Introduction
Many industrial processes involve large-scale flows of liquid mixtures or solutions in situations where it is desirable for the composition of the flow to be monitored. Such monitoring can be achieved through batch sampling or by using some property of the liquid system, such as its pH or its optical density, to provide a continuous measurement related to liquid composition. Batch sampling complicates a monitoring procedure which might otherwise be suitable for a high degree of automation, and in any event is likely to be expensive. However, many continuous monitoring techniques require the presence of delicate special devices (such as electrochemical probes) or windows (such as would be required for UV absorption measurements) in contact with the flowing liquid system. Furthermore, continuous monitoring techniques which rely on a specific property of the liquid (such as its optical density at a specified wavelength) lack versatility and may be rendered unsuitable for a particular application by a relatively small change in the liquid system, such as the addition of an impurity.
A physical property which provides a finite and measurable characteristic for any material is its linear attenuation coefficient for X-ray or gamma photons [1 and 2] . Such photons can be obtained at highly predictable rates from the decay of a variety of radionuclides [3] . Some isotopes emit gamma photons directly (for example nickel-60, the daughter of cobalt-60), while others may emit X-rays after electron capture decay. X-and gamma photons are generally emitted at discrete energies, and some radionuclides may be used as sources of monoenergetic photons. All beta-emitting isotopes can be used to generate Bremsstrahlung radiation, by allowing the beta particles to be stopped by a heavy target. Bremsstrahlung photons have a continuous energy spectrum up to a maximum energy (approximately that of the incident beta particles) and, because of the inverse wavelength dependence of the intensity spectrum, may provide a useful source of low-energy photons. 
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When energetic photons pass through matter they become scattered and absorbed [2] , principally by photoelectric and Compton processes at the energies ofinterest here < MeV). As illustrated in figure 1 , the intensity of a collimated beam of monoenergetic photons, with an initial intensity Io is reduced to Ix after travelling a distance x through matter, where, according to the Bouger-Lambert-Beer law:
and u is the linear absorption coefficient ofthe matter concerned. u is a quantity which depends on the energy ofthe photons in the beam and on the probability of interaction between those photons and the molecules which constitute the matter through which they pass. For a mixture ofmaterials the linear absorption coefficient is given by:
where p is the density of the mixture, 9i is the mass fraction of component i, (u/p) is the mass absorption coefficient of component i, and the summation is over all components of the mixture. The mass absorption coefficient is the quantity which is related to the molecular properties of the component in question, being given by:
where N is the Avagadro constant, M is the molecular weight of the material, and Otota is the total cross-section for the removal of photons from a monoenergetic collimated beam. Equation ( 2) may also be used to calculate the mass absorption coefficients for compounds from the (u/p) of their constituent atoms, these in turn being calculated from equation (3) Standard laboratory-grade reagents were used throughout, and mixtures and solutions were made up to an estimated accuracy of 1. Results consisting of measurements of photon transmission, 100 x I/rio, were obtained for binary liquid mixtures, both homogeneous (ethanol/water) and heterogeneous (decane/water), and for aqueous solutions, ionic (sodium chloride) and non-ionic (sucrose).
Results and discussion
The measured photon transmissions as functions of sample composition are shown in figures 3-6. In each case a theoretical plot is also included, although the absolute position of such curves is subject to relatively large errors, probably as a result of the use of the theoretical atomic absorption coefficient for hydrogen (in reality this quantity is significantly influenced by chemical bonding). The atomic attenuation coefficients used to derive the theoretical linear attenuation coefficients are collected in table 1. Figure 5 shows the results obtained for aqueous solutions of sodium chloride, where a relatively sensitive variation is observed, owing to the large mean atomic number difference between solvent and solute. Figure 6 contains the results obtained for decane/water mixtures, although in this case the experimental results are also subject to errors which arose through the difficulty we experienced in maintaining a constant composition flow at certain compositions using our relatively crude mixing and pumping system.
In all cases the error bars are those which would apply to single counts of 10 s duration, although the curves are drawn through the smaller error ranges which result from 100s counting times. The smoothness of the curves indicates that a dramatic improvement is obtained with the order of magnitude increase in counting time, and this same improvement is also to be expected from an order of magnitude increase in the activity of the photon source. A 10-fold increase in source activity would The difference between the experimental and theoretical curves can be accounted for by the inadequacies of the atomic attenuation coefficients, particularly that for hydrogen, and is not particularly important in the present context. It is nevertheless encouraging to note that the shapes and slopes of the theoretical and experimental curves are in much closer agreement. This will allow the use of computer simulation techniques to determine the optimum source energies and path lengths for future experiments. Excellent agreement between the theoretical and experimental curves is readily achieved by the empirical adjustment ofone or more ofthe atomic attenuation coefficients.
These 
